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To  evaluate  the  effects of  Diet  and  corticosteroid-induced  immune  suppression  during  infection  by
Haemonchus  contortus,  28  lambs  were  allocated  to one  of four groups  treated as  follows:  Group  Basal
Diet  – Normal;  Group  Basal  Diet  – Immune-Suppressed;  Group  Supplemented  Diet –  Normal;  and  Group
Supplemented  Diet  – Immune-Suppressed.  The  Basal  Diet  contained  Cynodon  dactylon  (cv. coast  cross)
hay  with  82  g crude  protein  (CP)/kg  dry matter  (DM),  which  was  provided  to the  lambs  in all  groups  ad
libitum.  In addition,  animals  on  the Supplemented  Diet received  daily  a commercial  concentrate  contain-
ing  171  g CP/kg  DM, which  was  offered  in  an  amount  corresponding  to 3% of  the  animal’s  live weight.  The
Immune-Suppressed  groups  received  treatments  with  the glucocorticoid  methylprednisolone  sodium
succinate  (1.33  mg/kg  of body  weight),  administered  weekly.  All  lambs  received  a  single  infection  with
4000  H. contortus  infective  larvae  (L3) and  were  euthanised  28  days  post-infection.  Differences  in pH
and  in  the short-chain  fatty  acid  (SCFA)  concentrations  occurred  in rumen  as  a result of  the  distinct
Diets  offered  to lambs.  Such  changes,  however,  did  not  have  any  apparent  effect  on  larvae  exsheathment
and/or  larvae  survival  inside  the  rumen,  with all groups  presenting  similar  worm  burdens.  However,
animals  on  the  Supplemented  Diet  presented  reductions  in worm  growth  and faecal  egg  counts.  There
was a  signiﬁcant  effect  of  the  Diet  on the  IgG levels  against  total  antigens  of H. contortus  L3 from  7  to
27  days  post-infection,  with  supplemented  animals  showing  higher  overall  mean  values  (P<0.05).  The
immunosuppressive  treatments  had no  effect  on  worm  burden  despite  the  reduction  in the  numbers  of
inﬂammatory  cells  in  the  abomasal  mucosa  of  the  Immune-Suppressed  groups.  These  groups  showed
longer  worms  and  females  with  more  eggs  in  comparison  with  their  counterparts  fed  each  Diet;  how-
ever,  only  the  length  of  males  was  signiﬁcantly  affected  (P<0.05).  In conclusion,  the  changes  caused  in
the  rumen  contents  by  supplementation  with  concentrate  did not  impair  H. contortus  establishment.
©  2015  Elsevier  B.V.  All  rights  reserved.. Introduction
Haemonchus contortus is a bloodsucking parasite that causes sig-
iﬁcant losses in sheep production worldwide. This parasite shows
igh proliﬁcacy and high levels of genetic diversity, which can
esult in the quick appearance of populations with anthelmintic
esistance (Gilleard, 2013). For example, an H. contortus population
ith resistance to the new anthelmintic monepantel appeared inheep raised in Uruguay even after a relatively short period of its use
n selective treatments (Mederos et al., 2014). Therefore, alterna-
ive methods for worm control are necessary to reduce the need for
∗ Corresponding author.
E-mail address: amarante@ibb.unesp.br (A.F.T. Amarante).
ttp://dx.doi.org/10.1016/j.vetpar.2015.09.012
304-4017/© 2015 Elsevier B.V. All rights reserved.anthelmintics, and these methods include immunonutrition (Hoste
and Torres-Acosta, 2011).
The third stage larvae (L3) with their double cuticles (sheath)
are the infective form of H. contortus. The external sheath confers
extra protection for the larvae in the environment, and it is lost as
soon as the larvae come into contact with the rumen ﬂuid, where
larvae receive a stimulus to initiate exsheathment. This stimulus
is triggered by the pH, which reﬂects a H2CO3/HCO3-buffer sys-
tem in rumen (Hertzberg et al., 2002). A strong link between the
rates of exsheathment and the biochemistry of the rumen environ-
ment, which may  inﬂuence larvae viability and establishment, was
demonstrated in Ostertagia ostertagi. The exsheathment efﬁciency
was greater when the animal was on a grass Diet in comparison
with a 71% grain Diet (DeRosa et al., 2005). In addition, incuba-
tion of larvae in the rumen for more than 12 h did not improve
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Table 1
Average (± standard error) pH, acetate (mmol/L), propionate (mmol/L) and butyrate (mmol/L) in the ruminal liquid of the lambs 28 days after artiﬁcial infection with 4000 L3
of H. contortus. The treatments were Basal or Supplemented Diets and Normal or Immune-Suppressed as the immunological status in a 2 × 2 factorial design.
Variables Basal Diet Supplemented Diet Effects (P-value)
Normal (n = 7) Immune-Suppressed (n = 7) Normal(n = 7) Immune-Suppressed (n = 7) Diet Immunity Diet × Immunity
pH 6.59 ± 0.07a 6.50 ± 0.05a 5.83 ± 0.08b 6.25 ± 0.14a P = 0.000 NS P = 0.010
Acetate 54.73 ± 2.55ab 55.95 ± 1.50a 54.06 ± 2.52ab 46.91 ± 2.04b P = 0.037 NS NS
Propionate 12.09 ± 0.92a 11.10 ± 0.46a 23.54 ± 1.61b 15.86 ± 1.83a P = 0.000 P = 0.003 P = 0.018
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ifferent superscripts in the same line indicate a signiﬁcant difference (Tukey’s tes
xsheathment in infective ovine and bovine strongylid larvae. On
he contrary, the larval mortality rate rapidly increased between 12
nd 24 h, indicating that the persistence of the larvae in the rumen
or longer than 12 h is not beneﬁcial for their survival (Hertzberg
t al., 2002). It was also observed that the rumen function of sheep
elected for increased resistance to Haemonchus was altered in
esponse to H. contortus infection, with an increase in ﬂuid outﬂow
nd turnover rate and a decrease in propionic acid concentration,
uggesting that these changes might be a component of a greater
ost resistance (Doyle et al., 2011).
Therefore, we developed a trial to test if changes in rumen pH
nd concentrations of short-chain fatty acid (SCFA) could cause
mpairments in larvae exsheathment and survival, with a conse-
uent reduction in worm establishment in the abomasum. To test
his hypothesis, one group of lambs was fed only with a grass
iet, while another was supplemented with a large amount of con-
entrate. To minimize the inﬂuence of the immune response in
orm establishment, half of the lambs in each group were Immune-
uppressed with prednisolone corticoid.
. Materials and methods
This study was conducted according to the ethical principles for
nimal experimentation and was approved by the Ethics Commit-
ee on Animal Use (CEUA) protocol No 86/2012-CEUA/FMVZ.
Twenty-eight three-month-old Suffolk male lambs were
cquired just after weaning from a commercial farm and were
aintained in individual pens with a concrete ﬂoor in the facilities
or small ruminants at the University.
At arrival, the animals were shedding an average of 2100
range of 100–26,400) strongyle eggs per gram of faeces (EPG) and
00 (range of 0–500) Strongyloides papillosus EPG. Faecal cultures
emonstrated infection by the following strongyles: Haemonchus
pp. (74%), Trichostrongylus spp. (24%) and Oesophagostomum spp.
2%). Initially, lambs were drenched with monepantel (2.5 mg/kg;
olvix®, Novartis); however, due to the presence of Strongyloides
apillosus eggs in faecal examination following this treatment,
he animals were treated again with albendazole (10 mg/kg,
albazen®, Pﬁzer) and levamisole (10 mg/kg, Ripercol®, Fort
odge) orally for 10 consecutive days. Then, a series of faecal
xaminations were performed, which conﬁrmed the elimination
f infection by helminths.
able 2
verage (± standard error) of mast cells and eosinophils/mm2 in the abomasal mucosa of th
ere  Basal or Supplemented Diets and Normal or Immune-Suppressed as the immunolog
Variables Basal Diet 
Normal (n = 7) Immune-Suppressed (n = 7) 
Mast cells in fundic area 12.73 ± 2.04ab 5.61 ± 1.73c
Mast  cells in pyloric area 10.46 ± 2.61 ab 4.70 ± 1.62b
Eosinophils in fundic area 3.94 ± 0.83ab 2.12 ± 0.80b
Eosinophils in pyloric area 11.82 ± 3.22ab 2.88 ± 0.72b
ifferent superscripts in the same line indicate a signiﬁcant difference (Tukey’s test; P < 0
S:  P > 0.05.7.34 ± 0.71c P = 0.000 NS NS
.05). NS: P > 0.05.
The experimental animals remained indoors, and the con-
crete ﬂoor was washed every other day to minimise the risk of
parasitic infection. The animals received decoquinate (0.5 mg/kg
per day; Deccox® - Alpharma) according to the manufacturer’s
recommendations throughout the trial period to prevent coccid-
iosis. The lambs were vaccinated against clostridiosis (Sintoxan T
Polivalente®, Merial S.A.) before the beginning of the experiment.
2.1. Experimental design and feeding
The experiment was conducted with a 2 × 2 factorial design;
there were two Diets (Basal Diet or Supplemented Diet) and two
immune categories (Normal or Immune-Suppressed).
The lambs were randomly allocated to one of four groups, bal-
anced as much as possible for weight, and treated as follows: Group
Basal Diet – Normal; Group Basal Diet – Immune-Suppressed;
Group Supplemented Diet – Normal; and Group Supplemented Diet
– Immune-Suppressed. The minimum and maximum pre-drench
FEC recorded in each group were, respectively, 1100–10300;
1600–15000; 200–26400; and 100–5200 EPG.
The basal Diet contained Cynodon dactylon (cv. coast cross) hay
with 82 g crude protein (CP)/kg dry matter (DM), which was  pro-
vided to the lambs in all groups ad libitum. In addition, animals on
the Supplemented Diet received daily a commercial concentrate
(Suplementa Ovinos Campo, Presence) containing 171 g CP/kg DM,
which was offered in an amount corresponding to 3% of the animal’s
live weight. Animals in all groups had free access to tap water and
mineral supplements (Presencefos® ovinos, Presence). The adapta-
tion of the groups on the Supplemented Diet started 21 days before
the infection, when they started to receive a progressive increase
in the amount of the concentrate offered.
The Immune-Suppressed groups received treatments with the
glucocorticoid methylprednisolone sodium succinate (1.33 mg/kg
of body weight; Solu-medrol®, Pﬁzer), administered intramuscu-
larly weekly beginning 4 h before the experimental infection.
2.2. The production of infective larvae (L3) of Haemonchus
contortusAn H. contortus isolate with multiple anthelmintic resistance
was used (Almeida et al., 2010). L3 of this isolate had been stored
in liquid nitrogen and were thawed to infect two  worm-free lambs,
e lambs 28 days after artiﬁcial infection with 4000 L3 of H. contortus. The treatments
ical status in a 2 × 2 factorial design.
Supplemented Diet Effects (P-value)
Normal (n = 7) Immune-Suppressed (n = 7) Diet Immunity
27.59 ± 4.82a 6.21 ± 1.34bc P = 0.035 P = 0.000
16.52 ± 2.51ab 6.21 ± 2.02b NS P = 0.002
10.31 ± 2.84a 1.36 ± 0.76b NS P = 0.000
24.25 ± 4.28a 9.70 ± 2.55ab P = 0.003 P = 0.003
.05). There was no signiﬁcant Diet × Immunity interaction (P > 0.05).
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Table  3
Mean worm burdens, worm length and number of eggs per female worm (± standard error) 28 days after artiﬁcial infection with 4000 L3 of Haemonchus contortus. The
treatments were Basal or Supplemented Diets and Normal or Immune-Suppressed as the immunological status in a 2 × 2 factorial design.
Variables Basal Diet Supplemented Diet Effects (P-value)
Normal (n = 7) Immune-Suppressed (n = 7) Normal (n = 7) Immune-Suppressed (n = 7) Diet Immunity
Number of juveniles 6 ± 2a 4 ± 2 a 84 ±46 a 21 ±7 a P = 0.008 NS
Number of males 515 ± 62a 481 ± 99a 531 ± 54a 435 ± 65a NS NS
Number of females 563 ± 45a 516 ± 63a 436 ± 48a 501 ± 68a NS NS
Total  worm burden 1084 ± 102a 1001 ± 153a 1051 ± 105a 957 ± 126a NS NS
Male  length (mm)  14.00 ± 0.14a 14.34 ± 0.19a 12.08 ± 0.45b 13.34 ± 0.32a P = 0.000 P = 0.013
Female length (mm) 21.29 ± 0.30a 21.54 ± 0.32a 18.36 ± 1.01b 19.39 ± 0.64ab P = 0.001 NS
68
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ifferent superscripts in the same line indicate a signiﬁcant difference (Tukey’s test
sed as donors for the production of L3. The worm-free status of
he donors was conﬁrmed before the infection by a series of faecal
xaminations. During the trial, they were maintained indoors and
ad free access to tap water and grass hay (coast cross) purchased
rom a farm with no ruminants, avoiding risks of food contamina-
ion by nematode-infective larvae. Each donor lamb was artiﬁcially
nfected orally with 10,000 L3 of H. contortus in a single dose. Faecal
ultures for the production of L3 were kept for one week in an incu-
ator at 25 ◦C (Ueno and Gonc¸ alves, 1998), and the infective larvae
ere harvested from cultures one day before the infection of the
rial lambs.
.3. Experimental infection and faecal and worm examination
Experimental lambs received a single infection orally with 4000
. contortus L3 on day zero (day 0). Faecal egg counts (FECs) were
erformed at 21, 24 and 27 days post-infection, and lambs were
acriﬁced for worm counts 28 days after infection. FECs were deter-
ined by a modiﬁed McMaster method in which each egg counted
epresented 100 eggs per gram of faeces (Ueno and Gonc¸ alves,
998). All animals were euthanised 28 days post-infection for
ecovery and enumeration of parasites. Samples containing 10%
f the abomasal contents were ﬁxed in 5% formaldehyde. Worms
ere counted, sexed, and classiﬁed by their stage of development
ccording to Ueno and Gonc¸ alves (1998).
The body lengths of 10 male and 10 female Haemonchus worms,
hosen at random per abomasum sample, were measured. Then, the
umber of eggs per female was determined by putting ﬁve female
orms in a polyethylene tube with 950 L of sodium hypochlorite
olution, containing 0.25% active chlorine. After a few minutes, the
orms were completely disintegrated, whereas the eggs were still
ntact and could be counted (Kloosterman et al., 1978). The tube
as shaken in a vortex every two minutes until the disappearance
f parasite fragments. At this moment, 50 L of sodium thiosul-
hate solution 1% (anticlorine) was added to the tube to prevent
egradation of the eggs. The total number of the eggs in the tube
as estimated by counting eggs in 10 drops with 10 L each, which
llowed for the calculation of the number of eggs per female worm.
.4. Haematology and body weight
Weekly, the body weight of the animals was  recorded and
lood samples (5 mL)  were collected by jugular vein puncture into
acutainer® tubes containing anti-coagulant (EDTA). The packed
ell volume (PCV) was determined by microhematocrit centrifuga-
ion. Plasma samples were stored at −20 ◦C until immunoglobulin
easurement (ELISA)..5. ELISA and histology
The plasma levels of IgG antibodies against total antigens of H.
ontortus L3 were estimated using the ELISA test. The production6 ± 111a 725 ± 91 a P = 0.033 NS
.05). There was  no signiﬁcant Diet × Immunity interaction (P > 0.05). NS: P > 0.05.
of antigens of H. contortus was previously described by Amarante
et al. (2009), and the protocol used to measure the parasite-speciﬁc
plasma IgG levels was according to Silva et al. (2012) with the
following modiﬁcations: plates were coated with 2.5 g/ml of anti-
gen and peroxidase conjugate diluted 1:20,000. The results were
expressed as the percentage of the optical density value (OD) of
the positive standard serum and employed the following formula:
% OD = [(OD mean of the tested serum − OD mean of blank)/(OD
mean of the positive standard serum − OD mean of blank)] × 100
(Kanobana et al., 2001).
Tissue samples taken from the fundic and pyloric regions of the
abomasum were ﬁxed in 4% buffered formaldehyde for 48 h. Next,
the samples were dehydrated with alcohol and embedded in paraf-
ﬁn wax. Sections (4 m thick) were stained with toluidine blue 1%
or haematoxylin and eosin (H&E). Mast cells were counted in the
sections stained with toluidine blue, and eosinophils were counted
in the sections stained with H&E. The cells were enumerated under
a 10× eyepiece containing a calibrated graticule and 100× objective
lens, viewing an area of 0.01 mm2. Inﬂammatory cells were enu-
merated in 30 ﬁelds of the abomasal mucosa that were randomly
selected per animal. The counts were expressed as the number of
cells per mm2 of mucosa.
2.6. Rumen content analysis
Immediately after the animal’s sacriﬁce, the rumen content was
collected in 50 mL  tubes and centrifuged at 1500 rpm for 15 min.
The pH of the supernatant was measured, and a 1200 L sample
of the ruminal ﬂuid was  placed in a polyethylene tube, mixed with
300 L of metafosforic acid 25% and stored at −20 ◦C until process-
ing.
Concentrations of short-chain fatty acid (SCFA) in the rumen
were determined by gas chromatography according to descriptions
by Palmquist and Conrad (1971) and Nocek et al. (1987), with adap-
tations. Following centrifugation of the ruminal ﬂuid (15,000 g,
40 min, 4 ◦C), 800 L of the supernatant was mixed with 100 L of
2-etil-butiric acid (internal standard) and 200 L of formic acid. A
solution with known concentrations of each SCFA (acetic, propionic
and butyric acids) was used for calibration of the equipment. One
microlitre of the sample was  injected into a gas chromatograph
(Shimadzu GC-14A, Shimadzu Co., Kyoto, Japan) equipped with
a glass column, 2 m × 2 mm,  containing 10% SP-1200/1% H3PO4
on 80/100Chromosorb WAW.  The conditions were as follows: the
column temperature started at 115 ◦C and rose continuously for
3.20 min, rising to 123 ◦C at 10 ◦C/min for 1.25 min  and then to
126 ◦C at 10 ◦C/min for 5 min; carrier gas (He) at a constant ﬂow
rate of 25 mL/min; ﬂame ionization detector temperature 260 ◦C;
and injector temperature 200 ◦C.
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Fig. 1. Levels of plasma IgG against third stage larvae (L3) antigens of Haemonchus
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Fig. 2. Mean number of eggs per gram of faeces (EPG) in lambs artiﬁcially infected
with 4000 larvae of Haemonchus contortus. Diet had a signiﬁcant effect, with lambsontortus after infection with 4000 L3. Excepting day “0”, there was a signiﬁcant
ffect of Diet on all sampling days (P < 0.05), with lower values in lambs on the Basal
iet. Bars represent standard error of the means.
.7. Statistical analysis
Data were analysed by one-way analysis of variance for the vari-
bles measured just once and analysis of variance with repeated
easures for variables measured at several time points (FEC, body
eight and PCV) using the Statistical Analysis System, version
.2 (SAS Institute, Inc., Cary, NC, USA). Means were compared by
ukey’s test at the 5% signiﬁcance level, and only signiﬁcant inter-
ctions are reported in the results. FEC, eosinophils, mast cells and
orm burden data were transformed to log10(x + 1) prior to analy-
is. Means are presented in the results as the arithmetic means (±
tandard error) of untransformed data. With regard to worm length
nd fecundity, the mean values determined per animal were used
n the analysis of variance.
. Results
The values of pH, acetate, propionate and butyrate in the rumi-
al liquid of the lambs are shown in Table 1. There was  a signiﬁcant
iet × Immunity interaction on pH and propionate. Supplemented
iet – Normal group means were signiﬁcantly different from those
f the other groups (Table 1). There were Diet-related effects on
cetate and butyrate values that presented as higher and lower
alues, respectively, in animals on the Basal Diet (Table 1).
Immunological variables that include inﬂammatory cell counts
n the abomasal mucosa and IgG levels against H. contortus L3
ntigens are presented in Table 2 and Fig. 1, respectively. The
mmunosuppressive treatment did not prevent the rise in IgG levels
gainst L3 antigens that peaked at 14 days post-infection (Fig. 1) in
ll groups with signiﬁcant Time × Immunity and Time × Diet inter-
ctions (P < 0.01). There was a signiﬁcant effect of the Diet on the IgG
evels from 7 to 27 days post-infection, with supplemented animals
howing higher overall mean values of IgG (P < 0.05). Paradoxically,
he immunosuppressive treatment did not have a signiﬁcant effect
n the IgG level in any sampling (P > 0.05). Considering the group
eans, the Supplemented Diet – Normal group showed higher
verages of IgG (P < 0.05) than the Basal Diet – Normal group at 21
nd 27 days post-infection and higher averages than the Basal Diet
 Immune-Suppressed group from 14 to 27 days post-infection.
The immunosuppressive treatment had a signiﬁcant effect
P < 0.01) on the numbers of inﬂammatory cells in the abomasal
ucosa (Table 2). In each Diet, the Immune-Suppressed lambs
resented lower averages of inﬂammatory cell numbers in the abo-
asal mucosa than animals with intact immunity (Normal groups)
Table 2). A signiﬁcant Diet effect was also observed in mast cell andon  the Basal Diet shedding signiﬁcantly more eggs than lambs on the Supplemented
Diet (P < 0.01). Bars represent standard error of the mean.
eosinophil numbers in the fundic and in the piloric area of the abo-
masal mucosa, respectively (P < 0.05), with Supplemented animals
displaying the highest values.
Diet had a signiﬁcant effect on FEC on all days of evaluation
(P < 0.01). Lambs fed with the Basal Diet shed on average 3.2 times
more eggs in faeces than Supplemented animals. Conversely, there
was no effect of the immunological status on egg output (P > 0.05).
There was a signiﬁcant Diet x Time interaction (P < 0.05). Mean FEC
increased in all groups over time (Fig. 2); however, such increases
were more pronounced in groups fed the Basal Diet. All groups
presented similar numbers of adult males, adult females and total
worm burdens (Table 3), without any signiﬁcant inﬂuence of the
Diet or the immunological status (P > 0.05). Only the numbers of
juveniles was affected by the Diet (P < 0.01), with the highest values
in animals Supplemented. In contrast, Diet had a signiﬁcant effect
(P < 0.05) on worm length: groups supplemented presented stunted
worms and females with fewer eggs inside the uterus. With regard
to the immunological status, Immune-Suppressed lambs showed
longer worms and females with more eggs in comparison with their
counterparts fed each Diet (Table 3); however, only the length of
males was signiﬁcantly affected (P < 0.05).
Lambs presented similar body weights at the beginning of the
adaptation period that started 21 days (day -21) before the arti-
ﬁcial infection (Fig. 3). Afterwards, due to differences in nutrition
over the adaptation period (day -21 to day 0), the Supplemented
animals gained more weight and showed higher body weights
from day -7 until the end of the trial (P < 0.05). The immuno-
logical status had no inﬂuence on body weight gain (P > 0.05).
Considering the period after the infection, there was  a signiﬁcant
Diet x Immunity interaction (P < 0.05) with regard to daily body
weight gain. Groups fed with the Basal Diet had the lowest body
weight gain (0.102 kg/animal/day and 0.114 kg/animal/day in Nor-
mal  and in Immune-Suppressed groups, respectively), while the
Supplemented Diet – Normal group presented the highest average
(0.268 kg/animal/day).
In relation to PCV, there was a signiﬁcant Time × Diet interac-
tion (P < 0.001). All groups presented progressive decline in PCV
values; however, the reduction in mean PCV was more accentuated
in groups fed with the Basal Diet (Fig. 4). Diet had a signiﬁcant effect
(P < 0.05) from 14 to 27 days post-infection, while the immuno-
logical status had no effect on PCV values (P > 0.05). At the end of
the Trial, a few animals showed low values of PCV (between 21%
and 24%): 3 lambs in the Basal Diet – Normal group; 2 in the Basal
N. Carvalho et al. / Veterinary Paras
Fig. 3. Body weight of the lambs infected with 4000 larvae of Haemonchus contortus
on  day 0. Animals were adapted to the Diets from Day-21 to Day 0. There was  a
signiﬁcant effect of Diet (P < 0.05) starting 7 days before the infection (Day-7) until
the  end of the study (Day 28). During this period, the Supplemented lambs were
signiﬁcantly heavier. Bars represent standard error of the mean.
Fig. 4. Packed cell volume (%) of the lambs infected with 4000 larvae of Haemonchus
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sontortus. There was  a signiﬁcant effect of Diet (P < 0.01) from 14 to 27 days after the
nfection. During this period, the Supplemented lambs showed higher overall mean
alues. Bars represent standard error of the mean.
iet – Immunosuppressed group; and 2 in the Supplemented Diet
 Normal group.
. Discussion
Differences in pH and in the short-chain fatty acid concentra-
ions occurred as a result of the distinct Diets offered to lambs.
uch changes, however, did not have any apparent effect on lar-
ae exsheathment and/or larvae survival inside the rumen, with
ll groups presenting similar worm burdens, i.e., all with simi-
ar parasite establishment in the abomasum. Therefore, previous
bservations about the inﬂuence of the rumen environment on the
stablishment of the nematodes (DeRosa et al., 2005; Doyle et al.,
011) were not conﬁrmed in the present study.
There are several manifestations of resistance against gastroin-
estinal nematode infections, which include reductions in worm
urden, due to elimination of incoming larvae and/or adult para-
ites, as well as impairments in parasite development and fecundity
Balic et al., 2000). In the present trial, such manifestations of
esistance were clearly observed in animals on the Supplemented
iet, which presented reductions in worm growth and females
ith fewer eggs inside the uterus. As a consequence, they pre-
ented a signiﬁcant reduction in mean FEC in comparison withitology 214 (2015) 289–294 293
lambs on the Basal Diet. Similar to our results, Wallace et al. (1995)
reported no differences in the number of female worms recovered
at necropsy from lambs fed on different Diets, but the worms  from
the protein-supplemented lambs (Diet with 17.3% CP) were shorter
and contained fewer eggs than lambs fed Diets with 9.8% CP.
The immunosuppressive treatments caused a reduction in the
numbers of inﬂammatory cells in the abomasal mucosa, but did
not prevent a raise of antibody proﬁles. Such treatments had
only a small effect on parasite growth and egg output, and they
had no effect on worm burden. Similarly, no obvious effects of
weekly treatment with prednisolone were observed on the abo-
masal establishment of H. contortus following single experimental
infection in lambs (Sargison et al., 2011). There was also no differ-
ence in the recovery of Ancylostoma ceylanicum adult worms from
hamsters treated with cyclosporine A or prednisolone in compar-
ison with a control group, despite half the recommended dose of
both drugs being sufﬁcient to inhibit the proliferation of more than
70% of hamster lymph node cells (Dias et al., 2013).
In contrast to our results, a similar protocol of treatments
with prednisolone was  sufﬁcient to induce immune-suppression
in lambs with increase in worm burden (Greer et al., 2005, 2008).
Apparently, this corticoid treatment affects only the acquired
immunity that develops over a prolonged period of exposure of
the animals to a constant stimulus triggered by incoming infective
larvae. This was the case for lambs after serial infections with Tri-
chostrongylus colubriformis; animals with intact immunity had on
average 224 worms, while the animals immune-suppressed with
prednisolone had 22,387 worms (Greer et al., 2005). Treatment
with the immunosuppressive drug dexamethasone was associ-
ated with the depletion of globule leucocytes, mast cells and
eosinophils from the small intestinal mucosa and abolished resis-
tance to challenge infections in Romney sheep that were resistant
to natural infection (Douch et al., 1986). Dexamethasone treatment
also resulted in naturally resistant Native lambs becoming more
susceptible to nematode infections (Pen˜a et al., 2004).
Similar to our ﬁndings, Adams (1982) observed that treat-
ment at various times with dexamethasone abolished acquired but
not innate immunity to H. contortus and that acquired responses
were not important in restraining the fecundity of adult worms
during primary infection. Our results also indicate that the reduc-
tion in worm size and fecundity was due to improvements in
the innate resistance of the Supplemented lambs. In addition,
groups that received the Supplemented Diet clearly presented
improved resilience against infection with higher values of PCV
and body weight gain. The beneﬁts of improved nutrition on the
acquired resistance against nematode infections have been exten-
sively documented (Shaw et al., 1995; Coop and Holmes, 1996;
Datta et al., 1998; Bricarello et al., 2005; Louvandini et al., 2006;
Khan et al., 2012), while low food intake and protein-energy depri-
vation impair the development and expression of host-protective
immunity against haemonchosis (Roberts & Adams, 1990).
In conclusion, the changes caused in the rumen contents by
supplementation with concentrate did not impair H. contortus
establishment.
Acknowledgements
The authors would like to thank the technical assistance of
César C. Bassetto and Michelle C. dos Santos. Nadino Carvalho and
José Henrique das Neves received ﬁnancial support from CAPES
(Coordenac¸ ão de Aperfeic¸ oamento de Pessoal de Nível Superior,
Brazil) and Helder Louvandini and Alessandro F. T. Amarante from
CNPq (Conselho Nacional de Desenvolvimento Cientíﬁco e Tec-
nológico, Brazil).
2  Paras
R
A
A
A
B
B
C
D
D
D
D
D
G
G
G94 N. Carvalho et al. / Veterinary
eferences
dams, D.B., 1982. Time of onset and target of immune reactions in sheep with
acquired immunity against Haemonchus contortus. Int. J. Parasitol. 12, 439–443.
lmeida, F.A., Garcia, K.C.O.D., Torgerson, P.R., Amarante, A.F.T., 2010. Multiple
resistance to anthelmintics by Haemonchus contortus and Trichostrongylus
colubriformis in sheep in Brazil. Parasitol. Int. 59, 622–625.
marante, A.F.T., Susin, I., Rocha, R.A., Silva, M.B., Mendes, C.Q., Pires, A.V., 2009.
Resistance of Santa Ines and crossbred ewes to naturally acquired
gastrointestinal nematode infections. Vet. Parasitol. 165, 273–280.
alic, A., Bowles, V.M., Meeusen, E.N.T., 2000. The immunobiology of
gastrointestinal nematode infections in ruminants. Adv. Parasitol. 45, 181–241.
ricarello, P.A., Amarante, A.F.T., Rocha, R.A., Cabral Filho, S.L., Huntley, J.F.,
Houdijk, J.G.M., Abdalla, A.L., Gennari, S.M., 2005. Inﬂuence of dietary protein
supply on resistance to experimental infections with Haemonchus contortus in
Ile  de France and Santa Ines lambs. Vet. Parasitol. 134, 99–109.
oop, R.L., Holmes, P.H., 1996. Nutrition and parasite interaction. Int. J. Parasitol.
26, 951–962.
atta, F.U., Nolan, J.V., Rowe, J.B., Gray, G.D., 1998. Protein supplementation
improves the performance of parasitised sheep fed a straw-based Diet. Int. J.
Parasitol. 28, 1269–1278.
eRosa, A.A., Chirgwin, S.R., Fletcher, J., Williams, J.C., Klei, T.R., 2005.
Exsheathment of Ostertagia ostertagi infective larvae following exposure to
bovine rumen contents derived from low and high roughage Diets. Vet.
Parasitol. 129, 77–81.
ias, S.R.C., Costa, A.F.D.V., Gazzinelli-Guimarães, P.H., Roatt, B.M., Fonseca, K.S.,
Paiva, N.C.N., Giunchetti, R.C., Carneiro, C.M., Fujiwara, R.T., Rabelo, É.M.L.,
2013. Prednisolone and cyclosporine A: effects on an experimental model of
ancylostomiasis. Exp. Parasitol. 133, 80–88.
ouch, P.G.C., Harrison, G.B.L., Elliott, D.C., Buchanan, L.L., Greer, K.S., 1986.
Relationship of gastrointestinal histology and mucus antiparasite activity with
the development of resistance to trichostrongyle infections in sheep. Vet.
Parasitol. 20, 315–331.
oyle, E.K., Kahn, L.P., McClure, S.J., 2011. Rumen function and digestion of Merino
sheep divergently selected for genetic difference in resistance to Haemonchus
contortus.  Vet. Parasitol. 179, 130–136.
illeard, J.S., 2013. Haemonchus contortus as a paradigm and model to study
anthelmintic drug resistance. Parasitology 140, 1506–1522.
reer, A.W., Huntley, J.F., Mackellar, A., McAnulty, R.W., Jay, N.P., Green, R.S.,
Stankiewicz, M., Sykes, A.R., 2008. The effect of corticosteroid treatment on
local immune responses, intake and performance in lambs infected with
Teladorsagia circumcincta. Int. J. Parasitol. 38, 1717–1728.reer, A.W., Stankiewicz, M.,  Jay, N.P., McAnulty, R.W., Sykes, A.R., 2005. The effect
of  concurrent corticosteroid induced immuno-suppression and infection with
the  intestinal parasite Trichostrongylus colubriformis on food intake and
utilization in both immunologically naïve and competent sheep. Anim. Sci 80,
89–99.itology 214 (2015) 289–294
Hertzberg, H., Huwyler, U., Kohler, L., Rehbein, S., Wanner, M.,  2002. Kinetics of
exsheathment of infective ovine and bovine strongylid larvae in vivo and in
vitro.  Parasitology 125, 65–70.
Hoste, H., Torres-Acosta, J.F.J., 2011. Non chemical control of helminths in
ruminants: adapting solutions for changing worms in a changing world. Vet.
Parasitol. 180, 144–154.
Kanobana, K., Vervelde, L., Van Der Veer, M.,  Eysker, M.,  Ploeger, H.W., 2001.
Characterization of host responder types after a single Cooperia oncophora
infection: kinetics of the systemic immune response. Parasite Immunol. 23,
641–653.
Khan, F.A., Sahoo, A., Sonawane, G.G., Karim, S.A., Dhakad, S., Pareek, A.K., Tripathi,
B.N., 2012. Effect of Dietary protein on responses of lambs to repeated
Haemonchus contortus infection. Livest. Sci. 150, 143–151.
Kloosterman, A., Albers, G.A.A., Van Den Brink, R., 1978. Genetic variation among
calves in resistance to nematode parasites. Vet. Parasitol. 4, 353–368.
Louvandini, H., Veloso, C.F.M., Paludo, G.R., Dell’Porto, A., Gennari, S.M., McManus,
C.M., 2006. Inﬂuence of protein supplementation on the resistance and
resilience on young hair sheep naturally infected with gastrointestinal
nematodes during rainy and dry seasons. Vet. Parasitol. 137, 103–111.
Mederos, A.E., Ramos, Z., Banchero, G.E., 2014. First report of monepantel
Haemonchus contortus resistance on sheep farms in Uruguay. Parasit. Vectors 7,
598, http://dx.doi.org/10.1186/s13071-014-0598-z.
Nocek, J.E., Hart, S.P., Polan, C.E., 1987. Rumen ammonia concentration as
inﬂuenced by storage time, freezing and thawing, acid preservative, and
method of ammonia determination. J. Dairy Sci. 70, 601–607.
Palmquist, D.L., Conrad, H.R., 1971. Origin of plasma fatty acids in lactating cows
fed  high grain or high fat Diets. J. Dairy Sci. 54, 1025–1033.
Pen˜a, M.T., Miller, J.E., Horohov, D.W., 2004. Effect of dexamethasone treatment on
the immune response of Gulf Coast Native lambs to Haemonchus contortus
infection. Vet. Parasitol. 119, 223–235.
Roberts, J.A., Adams, D.B., 1990. The effect of level of nutrition on the development
of resistance to Haemonchus contortus in sheep. Aust. Vet. J. 67, 89–91.
Sargison, N.D., Jackson, F., Gilleard, J.S., 2011. Effects of age and immune
suppression of sheep on fecundity, hatching and larval feeding of different
strains of Haemonchus contortus. Vet. J. 189, 296–301.
Shaw, K.L., Nolan, J.V., Lynch, J.J., Coverdale, O.R., Gill, H.S., 1995. Effects of weaning,
supplementation and gender on acquired immunity to Haemonchus contortus
in  lambs. Int. J. Parasitol. 25, 381–387.
Silva, B.F., Bassetto, C.C., Amarante, A.F.T., 2012. Immune responses in sheep
naturally infected with Oestrus ovis (Diptera: Oestridae) and gastrointestinal
nematodes. Vet. Parasitol. 190, 120–126.
Ueno, H., Gonc¸ alves, P.C., 1998. Manual para diagnóstico das helmintoses de
ruminante, 4th ed. Japan International Cooperation Agency, pp. 143.
Wallace, D.S., Bairden, K., Duncan, J.L., Fishwick, G., Gill, M.,  Holmes, P.H., McKellar,
Q.A., Murray, M.,  Parkins, J.J., Stear, M.J., 1995. Inﬂuence of supplementation
with Dietary soybean meal on resistance to hemonchosis in Hampshire down
lambs. Res. Vet. Sci. 58, 232–237.
